groups also have been investigated for RNAi activity. Several groups [6, 7] have reported that 2'-fluoro modifications are well tolerated for RNAi activity and enhance serum stability. Amarzguioui et al. [8] reported that certain siRNA species with 2'-O-methyl modifications showed long-term RNAi activity. In addition, Czauderna et al. [9] found that the 2'-O-methyl modifications at specific positions improve the stability of siRNA in serum and are tolerated without any significant loss of RNAi activity. However, thus far no overwhelming information f or the best choice of modification of siRNA has come forth. by the manufacturer. Before co-transfection, the culture medium was replaced with 0.5 mL of fresh medium without antibiotics, and to each well 1.0 μg pGL2-Control (Promega), 0.1 μg pRL-TK (Promega), and siRNA duplex formulated into liposomes were applied; the final volume was 600 μL per well. After a 6 hour incubation at 37 ºC, the culture medium was replaced with 0.5 mL of fresh medium supplemented with 10% FBS and antibiotics, and further incubated at 37 ºC. Twenty-four hours after transfection, the cell lysate was prepared and luciferase expression was subsequently monitored with the Dual-Luciferase reporter assay system (Promega). The IC 50 value of each siRNA was estimated from a seven-point dose-response analysis. On the other hand, the activity was drastically affected by the modification at the antisense-strand (lower strand). The RNAi activity was reduced to some degree when uridine or cytidine residues were substituted for 4'-thiouridine or 4'-thiocytidine (RNA6 and RNA7). were almost equal to the natural siRNA (RNA1) in RNAi activity.
Results
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On the other hand, the RNAi activity was reduced somewhat compared with that of RNA1 when the 5'-or 3'-end of the antisense strand was modified (RNA14 and RNA15). The RNAi activity of RNA16, modified on the central position of the antisense strand, was fairly lower than RNA14 and RNA15, although the number of modification was nearly equal. Furthermore, modification of the both ends (RNA17) resulted in loss of RNAi activity. These results were almost compatible with the case of RNA2-RNA9.
In order to evaluate the utility of the chemical modification of siRNA with 4'-thioribonucleosides, time-course experiments of RNAi activity were examined. As sh own in Fig. 2 , the RNAi activity of the natural siRNA (RNA1) was still the most effective after 3 days in comparison with those of RNA4 and RNA13. However, after 5 days, the modified siRNAs showed higher RNAi activity than natural RNA1. We next compared the RNAi activity of siRNAs modified with 2'-O-methyl nucleosides, [19, 20] . This was also confirmed by Hohjoh [21] , who reported that siRNA carrying mismatches at the 3'-end of the sense strand could enhance RNAi activity over conventional siRNA. Since oligonucleotides containing 4'-thioribonucleosides form thermally more s we found that RNAi activity was not restored relative to the matched siRNAs. The results of these two types of additional modifications led us to conclude that modifications of siRNAs with 4'-thioribonucleosides do not influence the efficiency of phosphorylation at the 5'-end nor the thermal stability of siRNAs, which would affect the accessibility of helicase to the asymmetric siRNA.
Discussion
We [13] Naka, T., Minakawa, N., Abe, H., Kaga, D. and Matsuda, A. Modifications with 4'-thioribonucleosides are indicated in red. 30.8±10.5 n.d. Table 2 Sequence, RNAi activity and IC 50 of siRNA containing two mismatches at the 3'-end of the sense-strand or phosphorylated at the 5'-end of the antisense-strand.
Modifications with 4'-thioribonucleosides are indicated in red.
Mismatches are indicated in blue. 
